Phylogenetics, the study of evolutionary relationships, is critical to understanding the history of life on Earth, integrating and synthesizing information collected across diverse organisms, and testing hypotheses about evolutionary patterns and processes. Most phylogenetic studies are now based on detailed analyses of gene sequence evolution. Over the last several decades, these studies have provided a much better understanding of the structure of the Tree of Life. This progress has also highlighted and helped define many tough phylogenetic questions that have not been answered yet with available data and analysis methods. This has inspired the search for new categories of data that could succeed where analyses of gene sequence evolution have not yet provided strong, consistent phylogenetic support. In PNAS, Thomson et al. (1) examine one of these new categories of data (2) (3) (4) (5) : the presence and absence of microRNA (miRNA) families. They find that there are several reasons why they may not be as useful for estimating phylogenies as has been proposed. miRNAs are small RNA genes that are involved in posttranscriptional gene regulation (6, 7) . They originated independently in plants, animals, and several other organisms (8) . miRNAs and the enzymes needed to process them are missing entirely from comb jellies (ctenophores), suggesting that they may have arisen within animals rather than before the most recent common ancestor of animals (9) . Different miRNA families are found in different animals, providing a potential source of information on animal relationships. The sequence of each miRNA family is highly conserved, which makes them relatively easy to tell apart.
Why was it believed that investigating the presence and absence of miRNAs could succeed where other types of phylogenetic character data have failed? It comes down to homoplasy: any evolutionary pattern of character evolution that deviates from the simplest possible evolutionary history (Fig. 1) . Homoplasy can be due to a variety of processes, including convergence and secondary reversal. Homoplasy is common in molecular sequence data, which is one of the main reasons that answering some phylogenetic questions has been so tough. The proponents of miRNA phylogenetic analyses have argued that homoplasy is exceptionally rare in miRNA presence/absence data and that miRNA therefore provides a clear picture of evolutionary relationships (2) (3) (4) (5) . Because of the way they originate, the convergent acquisition of miRNA families is extremely unlikely, and each is thought to have a single evolutionary origin (3) . This means that if the same miRNA family is present in two different species, it was also present in the most recent common ancestor of these species. In addition, however, it has also been claimed that miRNA is rarely lost once it is gained (2, 3, 5) . If this is true, then all species that share a particular miRNA are more closely related to each other than to any species that lacks this miRNA. The lack of homoplasy would lead to a ratchet-like evolution of miRNA content through time. miRNA families would accumulate in different lineages without being lost, and their distribution in living species would provide an unambiguous picture of phylogenetic relationships. This has led some to conclude that miRNA "are potentially the near homoplasyfree data set that systematists have long wished for" (3).
Thomson et al. (1) evaluate three specific issues: the hypothesis that secondary loss of miRNA is rare, the suitability of the analysis methods that have been applied to miRNA evolution, and the ability to correctly detect the presence or absence of miRNA. They find critical problems on each of these fronts. Their analyses indicate that secondary loss of miRNA is widespread. This fundamentally undermines what had been proposed as their unique value, remarkably low homoplasy, for phylogenetic inference. Thomson et al. (1) then apply Bayesian phylogenetic inference methods that can better accommodate secondary loss, revealing considerable phylogenetic uncertainty. Finally, Thomson et al. find that miRNA families often go undetected using standard observation methods. This suggests that, in addition to often being lost, miRNAs are sometimes not detected. Thomson et al. (1) reexamine five previously published phylogenies based on miRNA and find that when these problems are taken into account, the results of all these studies are fundamentally altered. The support for stated claims is found to be very weak in two of the studies, and in three of the studies, a strongly supported contradictory conclusion is reached.
Why were these strong claims about low homoplasy in miRNA evolution made in the first place, and why did it take so long to systematically examine them? The amount of homoplasy that can be observed depends on how well a character is sampled. It is only in the last decade that a concerted effort has been made to collect miRNA data across phylogenetically diverse animals (2). Initial glimpses of miRNA diversity were consistent with low homoplasy (2), but the sampling was not yet sufficient to rigorously test the hypothesis that they had low rates of loss. The original claims that there are no losses have been tempered through the years as more data became available (5), but it was still claimed that they were remarkably low and little was done analytically to accommodate these losses. There are multiple historical precedents for the problems identified by Thomson et al. (1) . Considerations of each type of new phylogenetic character data often initially assert that homoplasy is low, and these claims are later refuted when sufficient data become available to actually test them (10) . Early animal phylogenies were based on the assumption that complex morphological traits such as body cavities and segmentation were difficult to gain and lose and therefore exhibited little homoplasy. It is only when other categories of data, particularly molecular sequence data, were obtained that these old assumptions became testable hypotheses. Many have been soundly rejected (11, 12) . Segmented animals such as arthropods and annelids, for example, do not form an evolutionary clade to the exclusion of unsegmented animals. Arthropods and annelids are distantly related (13) , and segmentation has been repeatedly lost within annelids. Another historical precedent for underestimated homoplasy is the phylogenetic analysis of short and long interspersed elements, mobile genetic elements that replicate in the genome. The insertion of these elements was proposed to be nearly homoplasy free (14) , making them an ideal phylogenetic marker that did not even require statistical analysis (15) . In a striking parallel to miRNA, later analyses made it clear that there was homoplasy and that observation problems compromised their phylogenetic utility (10) . Rather than continue to repeat this history of underestimating homoplasy, future considerations of new categories of phylogenetic data should start with the null hypothesis that homoplasy is higher. Low homoplasy should be invoked only if sufficient data later reject this null hypothesis.
What are the implications of the findings of Thomson et al. (1)? There is bad news and good news. The bad news is that miRNAs are less useful than had been proposed for resolving difficult phylogenetic problems. This does not necessarily mean that miRNAs cannot make useful contributions to estimating phylogenies; they just have the same limitations as other data. They may still prove to be useful when analyzed in combination with other data. Scoring the presence and absence of miRNAs based on full genome sequences rather than tissue-specific transcriptomes will help resolve some of the Thomson et al. find that miRNA families often go undetected using standard observation methods.
sampling issues described by Thomson et al. (1) . The major challenge, however, will be to develop phylogenetic analysis methods that can simultaneously evaluate many different types of data, including sequence evolution, gene gain and loss, and genomic rearrangements, in a single unified framework. This echoes past attempts to integrate morphological and molecular sequence data. As molecular datasets grew much larger than morphological datasets, the question became how to weight the datasets. Developing methods that can simultaneously assess multiple categories of data will be one of the major methodological challenges for the field of phylogenetics in coming years.
The good news is that we are now in a better position to learn about miRNA function. Homoplasy creates challenges for estimating phylogenies, but it is tremendously helpful for testing mechanistic hypotheses about character evolution. This is because homoplasy provides replication. If a trait has a single evolutionary origin and no losses, it is hard to know if that one change is associated with evolutionary changes in other characters. If the trait has multiple changes, then it is possible to test if other organism characters repeatedly change each time the trait changes. This is particularly helpful in the case of understanding miRNA evolution, as some very bold hypotheses have been proposed for their functional evolution. It has been claimed that increased miRNA diversity has enabled lineages to become more complex than other lineages with fewer miRNA families (2, 16, 17) . In this scenario, a ratchetlike accumulation of miRNA families is seen as the cause of a ratchet-like increase in complexity (18) . In this way, miRNA has been invoked as an explanation for the "taxonomic hierarchy of animal relationships" (2) . However, the relationships of living animals are not hierarchical but are tree-like. Organisms cannot be arrayed on a single spectrum from simple to complex, akin to Aristotle's scala naturae, with a parallel spectrum of miRNA diversity. Organisms have many traits that vary independently, and each living species, which is at the tip of a branch of the phylogenetic tree, can have a mix of complex and simple traits that are gained and lost independently. With greater homoplasy in miRNA evolution, it will be easier to learn if any of these changes in specific complex traits are associated with gains and losses of particular miRNA families. Homoplasy is not always the enemy; it can sometimes be your friend.
